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(54) CLOCK SIGNAL CORRECTION CIRCUIT 

(57) Abstract; 

PURPOSE: To make a clock signal accurately follow the 
eccentricity of a disk by correcting the phase or the 
frequency of the clock signal in accordance with a 
stored disk eccentric quantity. 

CONSTITUTION: Eccentric quantity data inside a storage 
section 26 is read synchronized with the rotation of the 
disk, converted into a speed signal by a feed forward 
compensator 29 after converted by a D/A converter 28 
and feed- forward Impressed additionally as the control 
voltage of the VCO 35 of a PLL circuit 30. Thus, the VCO 
35 is controlled by not only an output from a phase 
comparator 31 but also a track circular eccentricity 
display voltage arriving via a switch 34 from the 
storage section 26. Therefore, the VCO 35 is followed by 
a closed loop operation generated from the disk and an 
open loop operation is carried out as well by a signal 
from the storage section 26 for predicting a current 
time eccentricity quantity. 
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i. 

y'^7.i'(DmHzmMLXm$E)l—^y'<)l^(Dtiit)iz 

mM-i^xmammmmmm^izmi^t^miE^mL^m 
mmmi^^m^z ^ -d xm%. $ nrz.'m'h-m.-^mm. (c^^-r 

^ *fT -5 Mff i 4 s ^ (c^l A , 

^Lxm^(Dy^)u^mm^rToJi—zfy-()ii^t, ci 

t ® fiifflM 4 m ;'3 -r -5 p L L mga *5 V i T . 
BfltE^-1' ;^ ^ <o(i-i:^««:tEit-r -5^l'il^«tB1S^s<^: , 

o xm^y"^ 7. «[Hl$E(mJ^9 LTStffB&ffittt^ggODtil 
S(C^«|-r ^^aST* S ;i <h ^^aS! <hT^gt3}c^ 6 lE^ 

HulEii'DSC^^^t-r-S'fB^SrT^i' 7, i7®ft(CfB®-"r'5fB 

(r)^^bm\znm\^tzm^^m%iw^^'^f)^'bm^m\zm 



wtESS?^© J: ^ m $ ntzm'bm (c^is u 
■^icaoaiTHfrtEmBE$iJW^tg§g75i ^ ttj;^ ^ n.5 D ■> 
«^ OTfSffl * Ac (J ^ ^ ^ft ^ -a- «IE^g t ^ ii 
x^:iii^i^WLLt^yuy^m^miE^m. 

iS» 1 5 * S ffilE^^ <h -5 <t * !t#ifc t -r 
HfrlEtEti^S{ctE1S^nfc^l'il^a{c?^fc;:b;t<t^*> Bu 

tEy''< ^^(Db^yymmzmcx^it^'^, mt^it 
rcm-L-mizMm-r^mmz'^-D xm&mm^mmA^ e. ta 
ti-^n^i'ay^m^<Di}L^^rc},tm&^^mt-^ii:^ 
mm^^iz^mA.^:it=i:^mi:-r^yayymnmiE 

ESS. 

[1**^9] BusBfEte^gtt. HuSE{i'L^«(c«-:?<, 

-r jtJjs 8 izmm<D i^ayy mnmrnm^o 
itmm 1 0 ] mamm^m^. 

mmamm^^^^^^'^^^^ntciiLmmtzmvx. ms 
H^tB^ta^gfr J; -3 THfrfEiBit^gd^ e> gc^ai ^ n;ta 

file, HufEh5-;/i>#^lC?*lS;L7tm^^^^m^-r-5 

uyym^mm^^. 
itmm 1 1 ] m!£m'mmm^t. 
y'-f yy<Dm'L-m^zMm^^rzm^^$m■t^mm^^ 

HufEtE1ft^©{wlEfg$ti;t{l'il>fi{c^lSL7t<l^€, h« 

tEy^'< yy-^^>bmn^m^taT^y K«{4^tc/t:i;Ta 
yayym^ml£m^. 

imMm 1 2 ] HfrtBfElt^^li. ButE{H'iL^«{cSo' 
<. mtEy'^yy(Dm-&<D'r—^hyyy(DJ^mMMVi 

e> «^fi o TIBIS b . 

miSEPfi^'att, HufBfElg?^©;^-' e>g^^tti ^n/c^fi 
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m^m 1 3 ] mtmm^m^. 

[0 0 0 1 ] 

^^-^t^'f>(7.^m.'&mz^^t^\:.^w^mm^'Q^^ 

[0 0 0 2 ] 

/7D'vr?^:^j5glElSSti. t,itD^0^PLL (Phase L 
ockLoop) ^^h.m-^ti^^dy'X:^^. PLLIhI 
3 0 {ifflit^ig 3 1. y' ^ 3 2 , V C 

o {Ms±Mm^mm 3 s^^jco^^^/^ggs 6^^A.-ei.^ 

gg3 \(D--}5<DXf}\zm^^n^. {4fflltg^g§3 iCT^te 

:^(DA;^tc^i. VC03 5^^eti:l:^$nyc^D^y^7m-^ 

^^'^C0MRm^»il§g3 6 tCJ:-::>T 1 /N(c:$nT«*& 
>/f5[ia^fT^TVC0 3 SfCiftSi^L. VC03 5tS. 

A:^;mmfcj^;;i;fc{4ffl(7)^D^y ^m-^^m;^T^o vc 

n±m^<D\tLm\z uy{7'^nrz,^(D\zt^^. 

[0 0 0 3] 

[0 0 0 4] (1) T^^X^^Xtl>K>iUt3^^'y4^> 

mtmrn-r^^h^z^y}. h^yy^^^^con^^uy^ 
mmz:k^uiiL^^m^m^'t^o 

[0 0 0 5] (2) Sfc. fi^L^fC^2Ei-r^{S:ffi^S!)M^ 



jn-r^^iCcfcD, PLL^^^x^7(7D{i.L^tcIEfiifcii^^ 

[0 0 0 6] (3) ^^x^®7:?^'ii^*^ct3 
;^j:fB^ssTii, mm^im'r4 7.^m^^om^rc^^ 

mmizmwx^^^a y^m^miE^m^mmT^ ^ ^ 

[0 0 0 8] *:^B^<D^2<Dl&<Jfi. y"^ XC^^m^m^ 

^.ay^m^miEmm^mmr^ zhiz^^o 

[0 0 0 9] 

[H^^^^-r^fci^co^g] *^0Jc7)^l<7:»^n':/^7 

M^ffiiEiugsti. sm^ijffli^tggi (^Hj^a, HI. ^ 

^<7^<l>il^at'?:^iJ;;ix;^cfi^^tE1E-r^fB1t^S (^Jx. 
6 (D{l^L>fifB1t^ 2 6 . ^;^ct3:H 7 (DM^i^mtEmM 2 6 

B) :zmm^mz$m^nrc{m^^m{zMmi.rzm 
^\zm'Dxm}£mm^mmf)^ibih:^'^n^c^ay^m^' 
(Di^Lm^rzumi^^^mjE-r^mTE^^ hi 

(Dma^^m2 7 . D/Aa>/S^~^2 :7^-Ky^::^- 
'7-Kffi«§g2 9. X^'y^3 4^J:D^^T-^D^'Sn@§g 
3 3. H4C0jitRgB2 7 A. D/A n >/N^— ^ 2 8 . X 
^ 'y^3 443j:^/T:^-D^'SP^gg3 3. m6<Dm'L^y^ 
— \^y^'7-\^y>()V^ 2 ^ A4Bi:Oi'T±n^*Sp#^3 
3 A. ^fctiEI7CD{l.L^itBftg$2 6 BcDtB:^?^) 

[0010] *^BJ<7)§|2(D^n^y^ m-^tsiEiHissti. 
liffiJt^gg mx\t. Hico{iffljti^g§3 1) ;ico 

y:7^;i.^ (^J^^i. H 1 (7)jl/-yx^;i/^ 3 2) 

z.(Dy ^ )V9(D^i3\z^-\:^rz.\^Lm^rz.\^mmwi(D^ u y 
^-\^ny^'^n^^uy^m^t.<DitLmm^n^ii'r^ 

PLLiHlSSfC*5l^T, 7^^X^<7){i^L^ffitC^:^JSLfem-^ 

^iB'^.-r^fi^L^asBit^© EI 1 (0{lvL^»t3tt 

BB2 6. ^;^ctiEl4cDfB'».gB2 6 A) ;iCDtB^.^© 

fciBS$nfc{iv6»tc?t/sbfcm^^^^xi7(7)[ii$itc 
iwi w L.T>iu-y :7 ^ )v^(D\hti\zm% \^xmj±.mnmm. 
mziM^-r^miE^^ m^\t. mi(Dm^mm2 7 . 

D/Aa>A-^2 8. 7^-K'7:t^-Ffflf»§§2 
9. X< 'y^3 44oJ:O^T::^P^JD^§§3 3, ^;^^ctiH 
4<7)SK^2 7A. D/An>y\*-^ 2 8. y'^-H:7 
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§§3 3) tm^^^it'ti^mt-r^. 
[0 0 11] ±tEf^2<D^ay^mnmiEmmzm^x 

[0 0 12] *:^I^C0m3CDi7D-yi7m^«IE|51S§«. 

{iffllte^^ EI6©{£ffli:b^§g3 1) t< 

3 5) <i:^-&^> ^mttmrn*^, f^-^ft^fbrn.^^^ 
ntzi^ayi^m^t. m&mmmmm^ e ^ - k a- y 

(«SJAW*. H 6 roil/j:^»fH1gg|5 2 6 ) t. ^CDfEIS^g 
© igfH W L T HU B2&ffl it ^§§ w ai Jn»: u t;|/- 

3 3A) i:$rii^SC<!i*!t#m<h-rs„ 

[0 0 13] :^mn(r>W.4(r>i;uyi;mnm^mmt., 

5 1) t, il'L^fi{C^*iS-r^<a^*7'^'Xi7M^{Cf2^ 
-r^IBIg^lg (0iJ^ti> EI4rof21igP2 6 A) ^tSc 
;^ ^^7 -5 *, T :J7 -trXT^^T^'i' X 
5:^ U fcffi^ * tE«^e;!i^ b m W (c^^^^-fcH-ril*?^ 
S (0iJA«, lll4«ma52 7A) S*?^©tC<fco 

ffl)^tg§§;4^ b tB ^ ^ □ ft -^©{iffi * Ac 
^Sr^{t;$-a--5l«iE#g («>tjxtf, El 4 WD/ An >A* 
-^'2 8, X-f -^^3 4t5J;^>"7■:^^i/^^l^§g3 3) t 

[0 0 14] 2|s:fgBjcb||5(Di7n->'i7«^1SiE[HlSS«, 
«ffif6ijffll^ig§g 0 4 »«ll$ijffl%lg§g 3 5 ) 

r1l^g|52 5 2{Cd;oT^^$nfcIEK?Sigi;c*f2«-r^ 

fHit^2 6A) :i(D^w%±^mf}-^i%±-&nrz 

[0 0 15] :^mji(nm6(Di/ay{^mnmmmmt, 
m&mmmm^ m^it, m i o « p l l ass 3 o ic-^ 



fcm^^mm-r^tm^^ m?iii, mi o^s-mib 
mLtcmn^mi'T^ CD h ^ y ^mmzit^cxmit 

3) t^mTL^^t^mmtr^o 

[0016] _hf2^ 6 C0i7 a i^^i^lf IE[HlS§fC*5l^T 

-3TiBitb> ±fBaBM#®tt. tBis^a*^t.s!*m$n 

[0 0 17] ±fB^6co^D-yi7li-^||iElHlS§(C 

*3t.^T(s, ±Mmm^^ti^, hyy^mmz-)<i^.i.rz, 

^ hyyi'±(D:^-A-f>y'yifX(Diinm^m±-r^ 

iSffiM^^^s m^it. mi 0(D&mm7—zr)U5 3 
p) z.(DiiLmmm^^m^^^^:^ntzimmizfB 
cxmi^ii^^^^t^ibm^m-rmiii^m (m?nt, m 

1 OCD^^ iJTi7-feXBI55 3 A) :iroiEl±l^StC J; 

ryxt^m^m^^^m^ta^ntc^mz. h'yy^mmz 
ni^sVtzmw^M^mw-r^mm-^^ m^\t. m \ o 

[0 0 18] :^mM(D^7 (Di;ay^mnmiEMmt, 

mzmmmmm mA.it, sii©pllihik3o©« 

fB1tT-5l2te^^ (^Jx.«, 01 l<0(l'iL>afB1ig|5 2 6 

c) i:. c:c73tB1t^©(ciait$nfc<i>L^«tc>isfj^;LAcffi 

«ji!&^^^'ft5-&-5ia^#g (mxit, mi i(Dmm 

[0 0 19] ±mm7 i^Dyc^m^miEmmzioi^^x 
it, tm^^it, M't^miz^-^K, y,c^<Dm^(D^ 
h'7y':7(DmwMmp]f}^^(Dmt^-mizt>rc-DX 
iBitLx, mm^mit, im^m^im^m^nrz&iiL 

[0 0 2 0] ^fz, ±si^7 ^ay^m^mlE^mzii 
\^^xit, mm^^A^, ±m^y [^(oiimizMmi^rz, f 
^ 7,'p^mM(D^-— K-i y'fy^y,h^^y,i^<D^—-$> 

Vyyi7±.<0-ii^-h.^ y^y^7,<DmAm^%±-t^&. 
ffl^^Sfe^^ m\A.\t, mi 1 (DilLm^'r-y )V Q 3 

p) t, \iLm^^^^^i)-^ih^^^ntz^u.^mzmcrz 
^^^m^,^^-f)^^m.^^-^m\h^^ m\A.\t, mi i 

0;>^tUTi7-bxB|5 6 3 A) h, ^IWBttB^SfCckoT 

tm.^^f)^^m^\^-^ntz^mz, ±.%^^y nw^iatc 
M]tSbAc^s#©:<£s^-r-5*^^g {mA.it, mi i 
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[0 0 2 1 ] 

[0 0 2 2] ^^m(Dm2(D^ay^m^miE{B\m\Z:^ 

\^^x\t. m^^^iztm^ntzy'^ x^m^i^m^zi^ift^L 
tiizmw-^nTm&mmmmmizm^'^n^. se-^T, 

[0 0 2 3] ±$Em2<D^ay^mnmiEimm\z:}5\^^ 

^ tc J: ^3 * 66 b> nrzmm. ^m^i^m tc /sr ^ fi-^ ti.x 
tm-^n^m^izit. m^L^m-rutD'^m^^mmiz^m 

[0 0 2 4] :^mM<Dm3(D^ay^mnmiE\E\^lZ^ 

mw^nx)u-^y-^)ii9\ziM^'^n^o se^x. 

^ fg^ ^ a' >r X ^ (7)S^L^ friE?l tc ^ i± ^ ^ <h ;)^^X 

[0 0 2 5] :$imm(Dm4<D^ay^m^miEmmz:^ 
^^x\t. m^<Dy'^ x^m(D^ri^n{zr:)\^^x(DM'L-m 
^mm-^n. m^L-miizMft^'r^m^^^^y'^ 7.^mmi<zt^ 

X ^ it t> iz tciii^x^ 

[0 0 2 6] *5g0>gt7)ll5CD^D^:/^m-^ffiiE[Hl^(C43 

v^xti, lE^^m^^m^^m^'^ntzmmzvt'yxm 
^m^Lu<xh. c^ay^mn^y'^7.^<Dm^L^iziE 

[0 0 2 7] :^mM(Dm6a)^ayi:7m^miE\B\mz:^ 

\^^x\t. mm^^^zt^m-^nrcm'ij^miznjt^i^rzmn 

y^-f ^^(Dhyy^mmZitsCxmt^^^tl. ^ 

it^it^nrzm^^m\zM}t^'r^mn\zmr:>xmj£mmm 
mm^ ^i^ti^n^c^ayc^ m^cDiiLm^fzumi&m^ 
^{b$i±bn^o.S£ox. ^ayc^mn^y"^ 7^<Dm 



<t 0 IE58 jifie $ ii ^ c <h Tif^'X ^ ^ o 

[0 0 2 8] *5!HJCD^7C7)^n'y/7fi^ffiIElHl?S{C^ 

a{b$i±'bn^c<i>i:^»(c?t^£;T-5m-%(cfieoxmj[£ 

[0 0 2 9] 

i^mm] mi\t. *:^Bj^ffiMA-K^^x^setc 

igfflb/c«^(0--||;^^?l|OD^g^rg>&^-r[ax*^o Pffim 
^y'^X^lA. IB; 1 C;fcci;D^l Dti. xe > F;U 
^-^2(CcfcoX[Hie^S!i$n^o m^^^:/ F3 A. 3 
B, 3 C^5ctt;^3 Dti, ^n^^n. 7 — A4A, 4B, 

4C43ctr/4DtCcfcoX^}^$n. 4^Wxn^;u^— ^ 

(VCM) 5 tCJCoXfUiftff'L^S C{CMLX[Hlifj$it^ 
nx. Mffi^^T'w' X^ 1 A, IB, IC^cfclXlDCD 
±ffico 5 0 2 (cigtSUX, :ine)CO 

^^bx. y'-^(Dm^s^^^^rj^m^mv^noo 4^ 

COe^T^^X^lA, IB, 1 C^5j:r/1 DCD K^-;/^ 

5 0 2ti. zy^jyyi 0 o^mj^-r^o m^-^nxi^u 

Mffi^^'^fX^ 1 A, I B. 1 Ci5J:t5l Dc7)Tffi 
iZMVXy'—^O^m^^^^.^ZSm^ltiL^^fro 4^(D 

mm^y \^^^m^'f^rix:^D. mm.^y \^ 3 A, 3b, 

3 C^Dj:?^'3Dch(WItllf;:. 7— A4A, 4B, 4C*d<^ 
r/4DtCJ:oX^Jt$n. VCM5tCj:-:)XlHia4^^L^5 
Ct::MbXlHlWj$ii:6n^o ^^x^X^lA. IB, 

^ :^ n ^ X ^ MigPt ^ i; 

661t^^gS46iA^rLXt^^o #Ba#-^6^i. xe 

> H;u^:-^ 6 c7)[Hife4^.L>-r;^:fD-^^M^>r X ^ 1 A, 
1 B, 1 rxDm^^^L-^^-ro 
[0 0 3 0] 7}^x ha >e3.— ^ 5 0 »#i^<;^a-^ 
>h\ m^lh\^z2'^y\^m(Dz}'^>\^^^>^-yjL — 
x^-y^;i/6 0 ^:frL.X3> hn-^ 7 Otcttl&r^o 

z]>hD-^7oti. mm/\—\^y'^ T.^mm^mm-r 
^rz^(Dmmm^^m^mm\B\^2 o^zititf-r^o 

[0 0 3 1 ] ^*;/ H 3 A, 3B, 3 C 4o 3 D (C^ o 
Xx^X:i7lA. IB, 1 C*5J:tKl D;^^6^^fc$n 

fc^^M-^fi, n±mm\B}m2 i\z^Dmm(Dmn^{zm 

gS2 2. hyy^i<LSmmmiti\B}^2 S^^kZSyr^-I^'^ 
yy'y^7s(l\B\$n\Zim(D/^JVX)miti\n\m2 4{Z^m 
^n-So ^D^y:i7ffla:S[pIgg2 2Xa^J±l$nfcB^^D 

y^m^\t. hyy^m^umm\^m2 s\z{M:^^n^o 
^Tz. hyy^iiLmmm^tti^m2 s^^^ititi^n^h 
yy^itmmmmnh. hyy^m^L^mm\^m2 sizm 
*&^n^. ^-A-r >^^y^xfflaaiEis§2 4tc 

*9 ft # tB $ nrc tK - A -<> ^ i7 X fl^-r/^cC^ [Hi f£ 
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[0 0 3 2 ] h'yy^m^umm^^2 4\t. Wi^-r^'j^ 

[0 0 3 3 ] mi <Dif%mo:^mmm(D^m(D~'o\i. m 

7.^(D^mzw\m\^xm^&'^ri. -o/Au^n- 
^ 2 s\z^^xT-ru^mn\z^m^n. y^-\^y^ 
u-vmm^2 9\z^^xmmm^'rtxfj'^^mm^^ 
(D^^m^ $ titz'ik. p L L iMss 3 0 (Dmj±.mm%mm 
(vco) z b(Dmmmj£L\.xmm\zy^-\^y:^ 

[0 0 3 4] PLLlHlg§3 Oti, {ifflit^§§3 1 ^ 

cD{ifflit^gg3 i(D^ti\z%^\^x^w.mmy^)v^^)> 

^(Dy-^ )V^3 2 (0\^ti\Z)t^Ctc\)Lm^r^\^m'l^m<D^ 

ti, 3 2 (hvco 3 5 (^ICDr«^^cT:^pi7' 

;^-y:7^;u^3 2;0^6ai::^^n^fg-^trSp^L 
T. VCO 3 5 fCf^lS'T^.'^^JC^^o ^^i;^. )V~-zfy^ 
3 2^^ZS1]mm3Zii^. 'ri>^)V^m-m=^X^-:> 

[0 0 3 5] z.co^ot^mmzf^'Dx^^^f)^^. vco 

fE1ta5 2 6;^»^6. ^ah(Hlg§2 7. D/AZi>/N'-^2 
8. :7^"Ky^;t'7-Fffi<lgs2 9*3J:0^'X-r ^y^3 4 

^»j$n^. \^f:ii)^^X. VC03 5^^, "r^Ts^i)^^ 
%^-r^8 4 Ofi/llH]Sco/\";i/X{I-^(:il^t)t0^^D 

[0 0 3 6] -r?'cj::b-^. ;icDc:k^;^c£{i'L^co^^^^x^^ 

mtimmmzm'^-r^^wt.. i^m^AiU-^-:fy 
)v-^mmz^y). vcoz stmmmz ^mm\ $n 
^z.L\z^K^. C7Uy^^^m^2 2t^c^^fj^n^^ 



[0 0 3 7] ;i(o^'-':/>)\^-':fmmzj:^mmz^ 

ti.xmm(D/\^^i^^m&fS.^ mmmi&m<Dm^jbm 

m^n^^^mmt. mmmz\t. ^uy^mii^mm2 2 
'f)^^mti^n^i^ay^mmzMi^xvco3 ^(Dmti 
m^\t. ±1 n si^:xr(Dm^x'^vmmiiLmzumx^ 

[0 0 3 8] ^-1^ hyy^F](Dmmt. *ll^«^Jtc43 

m<DmDmm^^'D^yy'>^'^i^>xf^M-^mi^^n 

*L-'rUt:)t>y'-^hyy^n(D^*LAt^mm&\zt^l.X 1 

[0 0 3 9] z.(D^n ({i^w ^fi-ay-r^fc^i. i^<-r) 

^m^m^^^o -rUt)-^. ^tfcSb^^:/ K3 A, 3B. 3 

t'^X^IA. IB, 1 C^ocfcD^'l D^lHlK$i±^. 

^^^7^*1:^^*10. 0/zmm, {l^L^iiO^* 5 0 m mm-C 

^)e^is6/cP#, "f-C 7.^(DM^\Z^nxhyy^m^^:^ 

9vmm\zm^fxn^. ^(D^t\^mbifp^mm\zm^h 

[0 0 4 0] ^(D^JTii. MM«5*:x 1 0 Mm/*- 

5 0 ± 5 timtm'^^^. 
[0 0 4 1 ] ^.(D^mxU. hyyi^l:^. f 

l^^o «e-3.T. VC0 3 SCOjit^l^tt^iS^^htS-S-^T^ci: 

[0 0 4 2] m2(DM^Lm'&^m'X. ^^X:^7<^ 

hyy^m^'^i^^V. ±X<Dhyy^(Dim\zf:irz'o 

x±^f^<rim.\^m&xm^\^x^<. ifmm.mx\t.d> 
A^^m/imx^^o 'A\z. m^i^fji^^hyy^mnm. 

m^^^hyy^>^^-^-\B\m4 0X\ m-<Dhyy 
^ff-5^1)!j®0ft^VCM5 tC^^^it^o hyy^y^ 

•y— 4^[Hiss4 o;^^6vcM5 tifft*s^n^ms[c7:>fa^m 

»fL^mgg4 OT^J-^ chilis 5^^f:^^;i/ff^^(Dl[Hl$5 



(7) 
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[0 0 4 3] ^3 (DM'L^mimyjm^'i. m i ^<kzs^ 2 <d 

[0 0 4 4] ^Jk\Z. l|3C7){i>L^ffiiJ^;^ffi^. 0 2^#BP. 

^;/^7 5 0 2<7)4'^D^:^L. 5 0 1 , "tAT.^ 

(Dm%i^L-'^^'to S^^^yK3H, T"A4('<i:0^ 
jt^nXl^T N^^y^ 5 0 2cDtt^.L^±^ hlz-xr^cfc 
^fC, h^^y^^>^1t-7j^[Hlg&4 0Tr{iM^i6$nTl^ 

T0=L0/V0= (27i;rO/M) 
[0 0 5 1 ] i7'j:0/^JAaN=6 0. OHz, M=8 
4 0 7i fE, 

T0=19. 841 (Msec) 

T 2 = 2 7t r 0 /M/ ( 2 tc r 2 X r 
[0 0 5 4] chT'cii^o fifoT, «?iJx«. r0 = 2 0m 
m. r 2 = 2 0. 0 5mm(D<t#. T 2\X. TOXl. 

0 0 2 5 ch/^j:^. 0. 2 5 %^>fb-r^o :in^l^/hTf^ 

[0 0 5 5 ] -tUt)^. Z.(Dm'X:\X. T 0 = 1 9 . 84 

1 (ms) T2=19. 891. Tl = 19. 
7 9 2 (ms) tr^^;0^^, T<D¥±^M(h> Sicfi43ct 
lXS/hM<hti. ^^^gsOns (:^7ir;^>K) <dM:^^^ 

[0 0 5 6] ^^OliJ^UjfPTii> iifB<7)i:-5;:i:^?SS 

[0 0 5 7 ] 'Tfs.t^t^. mmmmfi\mm(DRf^y)\z. m 

l(D7.-< v'^'i ^^mWL^m\ZL.X. PLLIhI^3 0^ 
ycO^Tffijf^^i±T*D#. ;i<D(t^<7DVCO 3 5 

P'^^ffl{±l(HlSS2 2:^^^)(7)M^:?^O^y ^COfiffi^SJ^-r 

^JtC^Sl^Tti. SfiJft^S ± 18ns. 6 0 H z X(D)V- 
y?iJt#^14 Ofg7^j:CDT\ #jiSB#r«1W{C?^UT5"^>;^ 
Al<D1]^M. ± 7 2 0 n s Oii^jin^^L^TV^^Clch 

[0 0 5 8] ;icDi:3tcbT 1 [Hl$^(c:brct9affliJU;^cii 



[0045]^. l-^':/^502 C0#^^ r 0 (m) , 
m^L-^d (m) . me^^N (Hz) h^^L. h'yy 
^ 5 0 2CO¥i^/l3^V0^1 
[0046] VO = 27rrOXN (m/ sec) 
[0 0 4 7] T$>^o 0(DF\Mh^y^ 3 0 2{Z 

^^n^/t;i/X^^M«i/iiHi$i) chf^^, 
rpi3g@iLoti 

[0048] L0 = 27tr 0 /M 

[0 0 4 9] T$)^o cn^®i©-r^t:is-r^p#rBTT 0 

[0 0 5 0] 

(27crOXN) =1/ (NXM) 

[0 0 5 2] -":*r. ^g;0>*ll>L^tCct (9r2 = rO + dtC 

[0 0 5 3] 

= r 0/ r 2 X (NXM) 

[0 0 5 9] z:<D<^o{zi.xmmM2 6{zmm'^nrcm 
^i?^'-:/)immLrc. :$i^miz^^vco3 s(Dy^- 
[Hi8S27tCctD^^x^o imefiffl \zmm i^xi^mm 2 

etT^P^^^^ttiL.. D/An>/N^-^(c2 8cfcOT:^n 
^^mj±lz^mLrc(Dt>. n-r;i.L, zi>7^>itC43<i:^' 
ffiinRTl#^$n^ - K -7 ^ C?- Kffi«§g 2 9^^ 
bT{iffiffiftcO?^. X'1'>y5F3 3^ctO^'T:^D^*ijnS§g 
3 3 ^^bTVCO 3 5 tCSliJP^n^o ZLtllZ^r^. V 
C0 3 5cD^tg{AAffitl. 0 3CO®^(7)$P<, 1[hI|Hc^^ 

[0 0 6 0] 0 4ti. *^0^C7):i7D'y^{g^^iiE[HlSScD 

ii2<DiiM^j^^t-o mi(Dmmmx\^. mmM2 6(D 
7.^<Dm$^^i<Lmzy^'r^h^y^ 

^y^sMoDm^Li-x^ -'mmmM2 5 it— p$tBttfc# 
^Lf^m. cn\zmi<Dy^-']<y:tu-\^mm^2 9 ^ 
mmm^m'^^^wm2 5 2x^ib^^Cisbmi.tcm^tm 
^2 6A{z^mr^o se.oT, mm^2 5 itciEit^n 

[0 0 6 1 ] ;icDJ:3f::-rn^i. mi (oy ^ — l^y^u 

i(Dmmm2 9-rr^t)t>y^ ji^^t. mmr^mi^corcisb 
<Dmmm2 9 t.mmr^mw-^j^isbmrz.L{zrm^. ^ 
[0 0 6 2] m4(Dmmmiz:^^i^T. mmp^^mi3i^2 

7 Alt. Zl> hO-^7 0:^^bC?)Ji^twSo%^T> 



(8) 
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g|52 6 A(Ct&iW$nTt^^ffii&<D7'i'7.i:7M<?3<l'M(C 

[0 0 6 3] m4CDmmmx^^t. ±m(D^or^m}S.'x:^ 

^ffiV^T, -^ItSmfrT^cSibn^o «eoTf3ttgB2 6 Ate 
[0 0 6 4] CCT^ a> 7 0 7^^\ ^JA«^-^ 

CD^^. mUW^2 7A\t. iaitgP2 6 AtClBlt^nTt/^ 

iB(D\m^\zmmi^Tmti'r^o ihtj 
i^^:z(Dmmiz.^n^M'L^m\ziiL^mm^mi^rzh(D\zm 

[0 0 6 5]fie-3T. *in^D/AZi>;N^— ^ 2 STfT 
3 5tCTOp-r^i. VC0 3 5^i. ^^X^CDM^L^tce 

HT^^ o^>i^7<Dii^jin^^iE5i(c?T-^Mb. vco 
3 5(Dthti\ty^-c:^^^^^n^^n^^ny^izmisbT 

[0 0 6 6] ^4<^||5S^JT^^, ?IISSP2 5 2 (0{i^L>a 
tC?^t-^^^#^^^fBteSB2 6 Af-tB^.1.. «[l3|iT^^ 

7s ^miz^rnvrcTcmw^^^m^iti^^ 3 lt 

[0 0 6 7 ] ±fB^ffi^jT^i. (.^-rnfeMc^a^^i'jb 

jE^&mm(Dwmiim^r^Lrzh(D{zmm~r^. {.rz 
t^-Dxmmnz^^rt^. m^.^^. m4(Dmw^m2 s 2 
TiEKM^^^^^-tt. z.n^mmu2 6A\zm^nii 

[0 0 6 8] :L<D:^mz:^\^^X\t. lE^^COit^ tM^^ 
<D2^(D/^^:?^-^^^m't^ii^-^^f)^$>^. KITIZ. C 

mmM2 eAiz^m-r^. :k\z. z.rwz^'^x^^x. 

^bfc, hyv^\tLmmm^\^m^2 

?iig:gi$2 5 2 (Ccto:^aEc7){i>L^ffi^»^o mmz. 
%m.U2 5 1 \zi^m'^nx\^^mm<Dhz^-j{7 hyn- 



[0 0 6 9] z.(Dmm^^\zm-3^. m2^(Dmr<Dtz 

\to (m) izf^'::>rzm}^.xmmwi2 6A(D\^m^^m^r 

[0 0 7 0] c(D^o\z'm\t. m^L-m\^m2 5{-^. m 
izm^L^iz^z^hyy^mmm^^mrtwi^K. ^<Dm 

[0 0 7 1 ] m6\t. :^mm(D^ay^miEmm<Dm3 

lC0 4^<Dm^^^ y.^ 1 A, IB, 1C^J:ZS1D(D 

2 icffl^L, mM^^;/K3ti, mi<Dmm.^y 

H3A, 3B, 3 C^J:I/3Dc^— T — A 
4^i. gl 1 (7D4 0©T— A4 A, 4B, 4C^J:ZS4D 
(D—^{zm'^l^. VCM5, ^Uy^mih\B]^2 2. 

-A-r>y'y^xmm\Bim2 4. m^L-mmi^^2 5. m 
^L^mmm^2 {4tgit^gg3 1, )u-zfy^ ji^ 3 
2. vco 3 5 4ocfct/^ii§§3 6^5. mitm—x^ 

[0 0 7 2 ] {m^L-y^ — \^y:ty— \^my4)V^ 2 9 a 
{s^L^fit5ma5 2 ^t^^m^ih^ntLm^L^m^y ^ - 
\'y^y-\'mmm^t^io%i^Lmm^\z^m\.x. n- 
a^mwms 3A<D-yj<Dxtit^^{zim^~r^. umm 

3 3At^, 7^)1^29 A^^^(Dm^^iiLmitm^ 3 1 

i)^^(Dmnt^iMWi.x)i—'fy^)v^3 2\zm^^ 

[0 0 7 3] me>(D^mmx\^. m^L^^m^mm. 
u> z.(Dm*bm^m^\hi.x. y ^ 2 9 A\z^y)y 

^y>(~\^y:^y- \^mmm\z^^i.rz5'i^^ )vm^m 

[0 0 7 4] ±m\.tz,i^%m(Dmm(Dm:mm\z^n\i. 
"T-c Ai\zm^'^nfz.^uy^'^—c^\zm^X}Em\z 
mm\.tz^tly^m^^n±•t^z.hi)^'^m\zr^K^. z. 

(Drnmizmm-r^t. m^sbx^mji^^^m^^^^x^ 

[0 0 7 5] m7\t. ^mm(D^ay^mm\mm<Dm4 

^^^s^^wti.ui^m'^i,z^mu^(Dx$>D. iiLmmmji 
-^^'^mr^h(Dx$>^. mi^m2 s^zjz-Dxmim^ 
nrzM'L-AJ(t. m*\:?y'< — \^y^y— \^my4JV^ 2 9 

A {Z,<Dm'^\t. y'i^^Jly^ IZ^-oXy^-}^ 

y^y- i^mmmizmm-^nxm^L^mnmM 253 tcsH 

m^n^. mm^2 6B\zmm^rirzM'L-m\t. 

< >y'y^7.ma!ii^m2 4f)^^iti:h^n^'^-i:.-r >^ 



(9) 
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[0 0 7 6] ±mmi7bmm4mmm\t. >^e>K;nHi 

[0 0 7 7] (1) . ^^^-1^ hyy^f)mfJ^^nrz 
[0 0 7 8] (2) . (Hl!(j7-A('cfcoT^j#$n;^{i 

[0 0 7 9] r(^^p/^^rp^ii^<s^r-5fc56(c. ^^\zm 

3 0 tcJ:oTTOn$n^^1^a$$Jmmj[±-r?'ci:t:»-^VCO 3 
R (0) = ( r2+d2~ 2 r d • c 

[0 0 8 4] ^tz. ±Mnm, 6 nm^ t^v. ( r 

6 =71 — 0) t 

[0 0 8 6] ^mm-X:^^^ (^2) ^ (^1) tCf^A 
r^^chtCctO, ^^;/ KCD h^'y^^fT?iS^v (t) 

V ( t) (r2+d2- 2 r d • c 

[0 0 8 8] '^uy^-^-^cumcomnm. m—h'y 

tl-t2 = 27cr/ (o^N) • 2 
[0 0 9 0 ] ;:?^*^3i-r (^4) ti. (r;:»^^dct:Ot> 

t 1 - t 2 = 2 7r/ (wN) • 2 d 
[0 0 9 2] (^5) h'^y^±<D^a 

lttt<hL'Tt#'bnTC'^^MT^'5o i:oT, (^5) /O^ 

m^\t. M^L^mmdiz^-DTrntr^tth^z^y 

[0 0 9 3] t¥oT. ®^L^EEggtd^ffl^Lffi}^LT:fe 
r^^^itLtzt^C02ny (coN) • 2 / r cDgP^ 



[0 0 8 0] ms\t. "f^ 7.^(j:>v\'m=f-9 vvv^ 1. 
^^L-tL7.\f:yY)vm^^^L-tL<D^LAzuwt^. m-^ 

tC43t.^T, 5 0 0 F]m^—i^h^yC7(D^ 

^y^D3. D4. D5. D e^DcfcO^^D 7;0^*J^^^n. 

[0 0 8 1] ±m<DJ:oUF]m^-^ h^y^^mfS,^ 

^y^'-^ntzmizM^L-s i i^^^c^t. m-h^y^ 
±^^n'r^m^mlti^y i^^t^f^ x^mB^m^^L^s i 

l^^^(DMff^S^^. mS{Z^'r<^V\Z. rmin, r o, 

[0 0 8 2] ^^'-r^' h-^^v^tt^^L^S 0 0 chXb" 

>K;I/^-^IhIGW5 0 1 chCD{i.L^^^gg|5 1 1 ^d. r 
JF^-X"^ h^^y ^C7) h^^y :^4»^L^yO^^C7)^g£ggt 5 1 2 
^r, 5^-^ F^^>^*.65 0 0 ^^-y K^fffeMHP 
h^^y^^^L^S 0 0 <hXti > F;U 
[Hl^4'-i:^5 0 1 (h^lS^^adl^D;^ci:-r:^S^0. Xhi>F 

^L-S 1 l^^^^y \^^ffiimHP^X(DmmR (6) 

[0 0 8 3] 
o s ( 61 ) ) 1/2 • • • 1 ) 

[0 0 8 5] 

• • • (^2) 

:k(D (S3) xmmx^^o 

[0 0 8 7] 
o s ( 0 ) ) 1/2 • a> ' - • (S 3 ) 

tifcmcD^ay^'^'-^mmmmm^ 1 1. mhj&m^ 
rzm(D^uy^mMmm^ 1 2^i^<^. 

[0 0 8 9] 
d/ (r2-d2) . . . (iC4) 

[0 0 9 1 ] 
/r • • • (S5) 

^rfh^y^^mr{Z:^5^1r^^ay^'^-^n^m^(D 

\^mmm(Dmm^n^c^i-^^x^^o 
[0 0 9 4] m9\t. m^ma!i^y \'<D^y n^fi-^tz 
-A\B\m^mmmt. :i(Dm^±\zmm^nxi^^^i/u 

y^^ — ^RZS^—I^-O^y^'^—^^T^'to I^EifC 



(10) 



2 2 3 5 0 2 



D4, D5. D6^J:UD7^mf$.'^tl'Z:^0. ^"r- 

[0 0 9 5] K^f^ttT-AIUlfj^gSgit 

5=sin-l ( r/ (2 A) ) 
[0 0 9 7] t^^n^o (S:6) ;0^6BJ;0^;^j:J:e>fC. 

^(7) r ^A;'7t" ^;i«htCc^o, A-r >^^v^7;v— 
[0 0 9 8] Ell OtS. *%H^<D^^P^y ^m-^1iiE[HlSg 

/0^*feti$n;t5^^ y^^^^^u. 1 tiTvif > 

^Hg7-A4tC^0#^t6n. ^^X^1±^^»LT 

A/D^^[HigS2 1 Afcj:*:) TTL i/>^;i/a)/N°;t/ 

[0 0 9 9] /t;UX{i^PSt^, ^D^y/7}amiHlSS2 2 
A, 4^-A-r >^^y^XfflttilHlg§2 4A^5ctlXh^'y^ 
#-^fflm(H]S§5 1 t::#t$^$n^o ::7n^y^fflttitHlg§2 2 

S^ttmU. {M^tMJ^SP2 5 C^5J:r/PLL[HlS§3 0 
tCfit^^-r^o 5^^-A-f >T^^y :^y;}atB[HlS§2 4 A^i, /N" 
;U>^{i^P S;0^e)5j^-A^ >y^y^7.n^m^H I 
ftStBb. {l-L^fiaiJ^HP2 5 C^ockli^'PMSBS 3a);<^:U 
T^-trXa$5 3 At-fifc$^-r^. h^^y i7#-^ffla:i[HlS&5 
1^1. /I^UXfi^P S;^^<b^^V K^ffh^^y ^#^TN 
^fflffib. {S^L^Siiy^BP2 5 C;^j:ibr/tCiagg|^5 3CDI4 
ffi^^-:/;i/5 3 P:fcctu^^@:^^5"->^;U5 3 Ktcw 

[0 1 0 0] {l^L*fflil^SB2 5 C^i, ^n^y ::7V-^:7S 
^{f-^CMS. 7t^-A-r>5='^y ^X^^m-^H I ^it/ 
^^y H^frh^^y^S-^TN^^^fflLT, (^5) tC» 
•3%^T^^y K^frh^-y ^c7)-/^(C^;^c-:>T{l'L^1t^D 

I^^tBUT, {S^L^«fB1ga52 6CfCtB:^^t*'5. iSSBE 
5 3<D^^Uyi^-trXgP5 3 A^i, 7f:-A-r >5'^y 
S^fi^H I St^So^C'^T. :3 > hn— ;i/fS-^4oJ:D^7 
KUXfi^^<a^tl>«fS1tgB2 6 Ctca:i::^"r^o ii^L^filB 



5 15^A. h.'yy^o^^^L^SOO (EI9T«h^*y^ 
0 0 <hXti> K;HlII£ffl7:?^*-'gfeLTl^^fc<7)chT 
^) T^^^fi-^Kcta^'y F;:?Mimr^ h^-y^ (g|9c7D«?iJ 
TH, -x-^ h^^y ^i7D 5) ^'X:(D^^ X^m^^m^ 

K;HHllSfftO*:-A-r >5'^y ^X{iM(h. f^T.^'r- 
[0 0 9 6] 

• • • (S6) 

m^^J:l/7:?^'trxm-^t'|i£;i;T, ^yl^^frh^y^ 

[0101] mmM^ 5 3 (7){iffiM7"- y^;U 5 3 P tl, X 

"T—^ N^^y ^±tCtEg^$nfc4^ — A-f >5^^y:^X-v^ — 
^cha){4ffl^:^d ^^^y H^ff F^^y^S-^^A:^/^^ 

chLTIB'^UTt.^^o ^^y K^fr F ^ -y 
^i. I119(75^^y H05^^X^[Hie^@Sgii-r?'^^-^^^y 
H^ff h^^yi7¥Mr tcffiSt"^. SEoT. (^6) 
60^;O^;^cCJ:3t'. {ifflM^Stl. ^fr h ^ ^y ^#-^co^ 
{t;<h<h^>fc^>fbt-^o {4ffiM5"->^;i/5 3 Pti. 
^t^h^^y^#^<7)ffltc^^-r^{4ffiM^5^^mb, C 

■^^-y H*fT4'C0F^^y:^7#^^tA:^;^n^ch, >J^-A 
-<> ^y X V - ^ S^m-^ t7){4 ^K, ^ ±tB{iffiM ^ 

[0 1 0 2] ^^^^^-y;L.5 3K^^, h^^y^#^ 

(xCS) CD2 7c/ (coN) • 2/r(7)gP:9'CbM^^#^ 

[0 10 3] F^'y^S-^ttmiHlS&S 1 i^^e^^y H^fr 
h^^y^#-^TN;0>^|±l:t^$n^ch. {iffi^T^- 5 3 
P^S. ^co h^^y^S-^TNtc^c^iSLfcliffl^d^m:;^ 
r-So ^^'J 7^-trXgB5 3 Atl, T^-T'^US 3 P^^e 

Kuxfi^^{i^L^fiiHita52 6 ctcffi^b, {l^L^afa^. 
#g§5 3Mco-^rcDA;^tc«^tf -5o ffi:^. ^^^^5" 

-y;l/5 3K^^, h^'y^#^ffltti[HlS§5 ld^^>fttf^$ 
n^^c^^y H^fir h^'y^#^TNtC^^l£;brc^#^fc^ 
^ffgg5 3M(Dffi;^cr)A:;^S^tr{^$&T^o ^gg§5 3 
Mti. A:;^^nrc<l/L^ffiD I tc^^^»^»^t^o -TT^i: 

^\tL'tUt>%mL-m.^. ^^y K^frh^^y^^-^tCiSi; 

[0 104] z.(n^o\zm\L^f^f:>'^mm^ntz.^^hm 

tC^^^n. PLL[HlS&3 OtCX>r-Fy';t7-K«M 
ffichbTLTTOa^n^o PLL[HlS§3 Otl, A;^^n 



(n) 
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(Dmea^mmmcDm^^^s-ro mi KDmmmtmi o 
(Dmmmt(DmM\t. mi io:)mmmiz:^i^^T\t. 

mmm2 s c:^^zsm'L^&mw.^2 6c<Dixt)0\z. m 

n. U7i7-trXgB5 3 A, ^#a55 3M, liffl^T^ 

-:7^;i/5 3 P43cti/^^^^^-y^;^5 3 K^^tsmm 

3(DiXt)K\iZ. :^^VT^±7.m6 3 A. mM^6 
3M. {uffiM^-yJl^e 3 P43j:OC^»^^7^-y;l/6 
3 K^^tyilSgpe 3;^^*ISttbnTli^.'i?JC^^o 
[0 1 0 6] ft^ir>1t6 1 ^i. T"A4<7)lHlg$SfClx 

-^HRP^hUT. {l>L^ft?iy^gB2 5D. {iffia^-:/;!/ 

6 3 P:i5^ZSmWWiWc6 3 KlZlH^tfT^o 
[0 1 0 7] {i.t«PJ^SI5 2 5Dtl, ^n>y^x^-/7S 

^L-mmmM2 GDiztisti-r^o i^sspe 3<d/^u7^ 
mM^mm2 6D{zmti-r^o m^v^mM^mM2 eDit. {g 

[0 10 8] mm^e 3c7){4fflM5^-y;u6 3 p^^, x 
^_>57 h^^y ^ jitcfE^^nfcAK— A-r >a''y ^^xv- 
3iz. amm^dit. ^y\^^nh^y^^mr<Dmt 
(D^mrcDmizn-r^iiLmmMd^wa^v. :in<^^- 

ZfJUm^'Z:$mLX\^^^^(D'(:\ n^^-rfj:t)'^^y \^ 
^n^<Dh^y^(D^^mr^^X^^n^h. A-T > 
T'^y^X-^-i7S*m-^C7){4ffi^a^±tB{4:ffi^ft 6 

[0109] ^g^a^^-y;!^ 6 3 K\t. r T^^^^jk 



(^5) <D2kX (coN) • 2/rc^gB53^c^ 
[0 110] ^y K^fT¥^^SS^tB[iJg§6 2^^^^y 

:/)i6 3 p\t. ^y \^^n^miLmm^HRP^i^.ir^ 
mnztmLrzitLmmd^n^iti-t^o ^^ruz^iixas 

6 3A^l. 'T-''y)V6 3P^^^ Ihtl^ntzitmrn 6 iZiiB 
Crc:n > H a-jimm^^UT K l/Xm^^fM^L^ffiSB-ic 
g|$2 6D{ca:i;^?L. {l/|:^fiHE1ta$ 2 5 D ^.tllZft^C 

xm^^mD I ^li^SB 6 3 (Dmnm e 3 mco-::^<7D A;^; 
S{5:Hfi-^HR p-r/cC^-^^g r fcMiSL.;t^S:^m^ 

mmme 3M<Dm:^(Dxtim'f'izm^'r^o ^^§§6 3 

Mti. A;^$n;^c«^L^fiD I tc^W^^^i&^t^o Tfci: 

mtTfjit^-bim'bm^. ^mnzjt^cxmt^i^xtiiij 
[0 111] zL(Dj:o\z^i[:tr^t)^mm'^nrzm^^m 
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em-^^^c^m-r^-y \^(D\tLm\ziL>^cx^it^^. 
^^^tzm>L^m\ztm't^m^\z'^':>xm&mmmm^f)^ 
^)^ti^n^^ uy V m^(D\^Lm^rzum^^w^^m\:'^ 
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■fy^ay^mx&^o 

[@2] 7.^(Dhyy^(D^^^Lr'^ 7.^<Dmn^ 

ms] x^^^^i^iHi-^nrz^ay^m^cDitm 
(h, pll;u— ^3 0C0VCO 3 5 7^^btB:^$n^i7D 

y^m^(DiiL^^^\tmiyX^'rcfyyx^^. 
m4] ^mm<D^ay^m^miEm9&<Dm2<Dmmm 

mmmx^^o 
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^^T^^ay^mxii^o 
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